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COAXIAL SPINDLE CUTTING SAW 

BACKGROUND OF THE INVENTION 

1 , Field of the Invention 

The present invention relates to high-speed pre- 
cision cutting saws for dicing semiconductor wafers and/or 
singulating devices from a substrate or printed circuit 
board- More particularly, the present invention provides a 
novel coaxial spindle cutting saw using multiple cutting 
blades driven by a single spindle drive motor. 

2 • Description of the Prior Art 

Heretofore, saws for cutting semiconductor wafers 
were known. Dicing saws are classified in U.S. Class 125 
under several subclasses. Cutting saws for dicing silicon 
wafers usually employ thin flexible blades made from elec- 
tro-deposited nickel having a fine powder of diamond parti- 
cles embedded in the dicing saw blades. Such blades are 
made as annular rings and/or deposited directly onto a 
mounting flange or hub-like structure and are known as hub 
blades. Dicing saw blades can be made in thicknesses from 
about 1/1000^^ of an inch to over 10/1000^^ of an inch and 
are employed to remove the thin semiconductor street mate- 
rial that separates individual die on a wafer. The thin 
cut minimizes the material removed and maximizes the number 
of die produced on a given size wafer. Sometimes it is 
preferred to use two separate passes in cutting the same 
street on a wafer to reduce chipping and to maximize 
yields. 

Singulation saws are used for cutting and sepa- 
rating packaged semiconductor devices that are already 
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mounted on Printed Circuit (PC) boards or other forms of 
strips and substrates and may employ relatively thick dic- 
ing saw-type blades. Singulation saw blades are also made 
in the form of a homogeneous mixture of diamonds held in 
place by a binding material such as epoxy resins and are 
referred to as diamond impregnated resinoid saw blades and 
have been used for dicing semiconductor related materials. 
The preferred shape of the relatively thick resinoid saw 
blades is made in the form of an annular ring and clamped 
and held by inner and outer flanges of a hub. Such saw 
blades are known as hubless blades. 

Both types of saw blades have been used on cut- 
ting saws having single or dual spindles. Dual spindle 
cutting saws are used to increase the yield of devices cut 
by simultaneously cutting paths or streets on the same wa- 
fer or device so as to decrease the time for processing a 
wafer or strip or substrate, etc. 

As will be explained in greater detail hereinaf- 
ter, two forms of dual spindle cutting saws are presently 
used in the semiconductor industry. Both forms of dual 
spindle cutting saws used in the prior art employed two 
identical cutting saw heads that are positioned side-by- 
side for cutting the same street twice or staggered in the 
Y direction to permit cutting two different streets in a 
single pass. 

Heretofore, dual spindle and twin spindle cutting 
saws duplicated the cutting saw heads and gantries but em- 
ployed the same work station and X axis system to improve 
efficiency of the cutting saw from about 50 to 75 percent. 

Accordingly, it would be desirable to provide a 
novel cutting saw which eliminates duplication of heads and 
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gantries yet provides a smaller machine size footprint and 
provides close to 100 percent greater throughput over a 
single spindle cutting saw at negligible increase in cost. 

5 SUMMARY OF THE INVENTION 

It is a principal object of the present invention 
to provide a novel coaxial spindle cutting saw for driving 
multiple cutting saw blades. 

It is a principal object of the present invention 
10 to provide a single spindle drive motor for a coaxial spin- 
dle cutting saw having multiple cutting blades. 

It is a principal object of the present invention 
to provide a novel coaxial spindle for a cutting saw having 
means for programming the distance between saw blades from 

=iU5 approximately zero up to around five inches. 

fu 

^11 It is a principal object of the present invention 

Wl to provide novel hubs and hub adapters for mounting saw 

blades substantially abutting each other or spaced apart by 
l,^ a predetermined amount. 

k^O It is a principal object of the present invention 

;1 to provide up to three cutting saw blades on a single coax- 
Q ial spindle f thus, maintaining a small machine footprint 

requirement siibstantially the same as a single spindle cut- 
ting saw in a multiple blade cutting saw. 
25 It is a principal object of the present invention 

to provide a multiple blade cutting saw that increases the 
output of sawn wafers over prior art single spindle cutting 
saws by the ratio of the number of blades on the coaxial 
spindle. 

30 It is a principal object of the present invention 

to provide a novel single coaxial spindle cutting saw that 
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can double production of a single blade cutting saw of the 
prior art type at a cost that is very close to a prior art 
single spindle cutting saw. 

It is a principal object of the present invention 
to provide a multiple blade cutting saw that has higher 
throughput at lower cost than prior art cutting saws. 

According to these and other . objects of the pre- 
sent invention there is a provided in a dicing saw/singu- 
lation saw a housing for supporting a single coaxial spin- 
dle and drive motor. The coaxial spindle is adapted to 
support up to three hubs each of which provides a cutting 
saw blade operating at the same rotational speed as the 
other blades. Further there is provided positioning means 
mounted on the housing which is adapted to position the 
blades relative to each other in a parallel array which en- 
ables the multiple blades to simultaneously cut parallel 
streets or paths through a wafer or surface mounted (SMT) 
device in a single pass. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an isometric view of a prior art twin 
wafer dicing saw having two housings, two spindles, and two 
cutting blades arranged as reflected twin images of each 
other; 

Figure 2A is a schematic view in front elevation 
showing the gantry system for moving the cutting saw blades 
in Figure 1 in X, Y and Z directions; 

Figure 2B is a schematic view in front elevation 
of side-by-side or dual cutting saws showing a different 
gantry arrangement for achieving X, Y and Z direction mo- 
tions; 
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Figure 3 is a schematic view in front elevation 
of the present invention coaxial spindle cutting saw show- 
ing a single housing and two cutting saw blades operable 
simultaneously from a single gantry, 
5 Figure 4 is an isometric drawing of a preferred 

embodiment of the present invention coaxial spindle cutting 
saw showing schematic the drive motor, and positioning mo- 
tors for the spindles and spindle supports; 

Figure 5A is a schematic side or front elevation 
10 of the present invention coaxial spindle singulation or 

dicing saw showing two blades mounted on the coaxial spin- 
dles with the rear saw blade moveable in a Y' direction by 
a voice coil motor; 

Figure 5B is an enlarged detail of the cutting 
'-^15 saw of Figure 5A showing air bearings and seals with the 
[aJ rear saw blade is moveable in a Y' direction by a voice 
jL; coil; 

j; Figure 6 is a modification of the cutting saw 

shown in Figures 4 to 5B in front or side elevation showing 

^-S20 a moveable front saw blade and linear or voice coll drive 

vj motor for positioning the moveable front saw blade; 

j=- Figure 7 is an enlarged detail of a modified cut- 

ting saw in front or side elevation showing the front or 
outboard saw blade moveable in the Y' direction by a voice 
25 coil mounted on the spindle housing; 

Figure 8 is an exploded view in elevation and 
section of two hiib-type saw blades, one of which employs an 
adapter for mounting on dual or twin-type spindles for 
achieving a minimum space between cutting saw blades; and 
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Figure 9 is an elevation view in section of a 
flange-type hub for clamping an annular ring-type saw blade 
between two flanges. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Refer now to Figure 1 showing an isometric view 
of a prior art wafer dicing saw 10 having two cutting saw 
heads llA and IIB each comprising a housing 12, a drive mo- 
tor 13 and a cutting saw blade 14. The housing 12 is shown 
10 mounted for Y-Z support movement on the Y-Z gantry 15. It 
will be (pidersiand] that below the saw blades 15 there will 
be a workstation supporting a wafer or device to be sawn. 
Cutting saw 10 further comprises a monitor 16 mounted on 
cabinet 17 which includes therein controls (not shown) . 
13.5 The control keyboard 18 is shown mounted on the wafer han- 
dling system 19 but could have been mounted on cabinet 17. 
f^- The wafer handling system 19 is shovm having four stations 
PI to P4, PI is the docking station from which new wafers 
Q are taken by the robotic arm 21 and transferred to the 
XH20 loading station P2 . After being sawn the robotic arm 21 
'""•4 simultaneously transfers a new wafer from PI to P2 and the 
ll sawn wafer from P2 to the cleaning station P3. After 

cleaning the sawn wafer is transferred to the elevator or 
loading station P4 which will take it down into the system 
25 where the magazines are located. 

Refer now to Figure 2A showing a schematic view 
of the cutting saw 10 described in Figure 1. The niomerals 
in Figure 1 that are similar or identical to the structure 
in Figure 2 are the same and do not require additional ex- 
30 planation. It will be noted that the Y-Z support gantry 15 
acts as a slider in the Y direction and supports the hous- 
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ing 12 which supports the motor 13 which supports the cut- 
ting blades 14. Thus the motor 13 and blades 14 are move- 
able vertically in the Z direction on support 15 and are 
also moveable in the Y direction on the Y support shown as 
15Y of cutting saw 10. 

Mounted on the cutting saw 10 there is shown a 
pair of X rails 23 which support an X slider 24 which sup- 
ports a theta access table 25 which supports the chuck 26 
on which the wafer/wafer frame 27 is mounted. Thus it will 
be understood that blades 14 may be lowered into engagement 
with the wafer 27 and the wafer moved in the X direction by 
the control system not shown. The cutting saw 10 described 
in Figures 1 and 2A is also described in U.S. Patent 
5,842,461 and is known as a twin spindle cutting saw. 

Refer now to Figure 2B showing a schematic view 
in front or side elevation of a dual cutting saw 28 of the 
type shown and described in U.S. Patent 4, 688, 540 . The 
side-by-side cutting heads which comprise housings 12 for 
supporting the drive motors (not shown) which support the 
cutting saw blades 14 are moveable in the Z direction on 
the Y-Z supports 15 which are moveable in the Y direction 
on the Y rails 31. The housings 12 are further moveable 
with the Z slider 29 to engage the cutting blades 14 with 
the wafer 27 or substrate mounted on the chuck 26. It will 
be understood that the side-by-side arrangement of the cut- 
ting blades mitigates against simultaneous cutting opera- 
tion on a wafer 27. Thus the improvement over a single 
spindle cutting saw is in the area of 40 to 50 percent 
greater throughput, whereas, the twin cutting saw shown in 
Figure 2A has an improvement factor over a single spindle 
cutting saw of 7 0 to 80 percent depending on the size of 
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the wafer. The workstation 22 is similar or identical to 
the workstation described in Figure 2A and employs the same 
numerals and mode of operation as described hereinbefore- 
While the efficiency of the cutting saw 28 shown 
5 in Figure 2B is lower than the cutting saw shown in Figures 
1 and 2A, it has the advantage that the cutting saw blades 
14 are easily accessible to replace blades and one saw 
blade may be used to cut a V groove partially through a wa- 
fer or substrate and the second blade can be used to cut 
10 completely through on the same cut in the same street which 
reduces chipping. 

Refer now to Figure 3 showing a schematic view in 
f3 front or side elevation of the present invention coaxial 
^2 spindle cutting saw. The Z slider 29 is coupled to the 
tfl5 housing 12 for supporting the novel spindle/spindle housing 
M 35 and is moveable in the Z direction on Z rails 29Z. The 
O Y slider 33 is moveable on the Y rails 34 for a gross or a 
'T major movement of the spindle/spindle housing 35. As will 
Q be explained in detail hereinafter, one of the two cutting 
r|j20 blades 14 is moveable relative to the other cutting blade 
in the Y prime (Y' ) direction. The workstation 22 shown 
below the cutting blades 14 is moveable on the X rails 23 
and is substantially the same as the workstation described 
in Figure 2 hereinbefore. While simultaneously cutting a 
25 wafer 27, it may be possible for one of the two blades 14 

to wear more or less than the other cutting blade. In this 
event the cutting blade with the most wear is arranged to 
cut in a street previously cut by the other saw blade until 
the two blades again reach the same diameter. Prior art 
30 methods may be employed to occasionally check the diameters 
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of the blades to employ a correction cut or two until the 
two blades are the same diameter. 

Refer now to Figure 4 showing an isometric draw- 
ing of a preferred embodiment of the present invention co- 
5 axial two-spindle cutting saw 32. The Y-Z support or gan- 
try 15 is shown having a Y slider 33 mounted for movement 
on the Y rails 34. A Z slider 29 is shown mounted on Z 
rails 29Z which are supported by the Y slider 33. There is 
shown a Y drive 36 for moving the Y slider 33. The Z 
10 slider 29 is shown supporting the housing 12 which supports 
the spindle housing 35 and has a Y prime slider 39 mounted 
thereon and moved by a Y prime drive 38. The Y prime 
O slider 39 is shown having an actuating arm 41 which will be 
.^S described in greater detail hereinafter for providing the Y 
J3!5 prime movement to the outer moveable shaft 44 of the coax- 
Cn ial spindle which comprises a center shaft 45. 

The workstation 22 comprises an X slider 24 
slideably mounted on the X rails 23 and moved by the X 
3 drive 42. In this view, the chuck and wafer and wafer 
^Mo frame and the blades are not shown so as to describe the 
tl details of the coaxial shaft 43 which will be described in 
greater detail hereinafter. ' 

Refer now to Figure 5A showing a schematic draw- 
ing in front or side elevation of the present invention co- 
25 axial spindle 44, 45 for use in the dicing saws previously 
shown and described. 

Figure 5A shows further details of the cutting 
saw of the type shown in Figure 4 wherein the rear saw or 
inbound blade 14 is moveable and positionable by a slider 
30 39. The Y-Z gantry 15 is shown supporting a Z slider 29 on 
the Z rails 29Z for movement in the vertical direction. 
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^""^he Z slider 29 supports a spindle housing 12 whi/ch sup- 
ports a Y prime rail 46 on which is mounted a y prime 
felider 39. The Y prime slider 39 suppo rts an /actuator arm 
1 41 which in turn supports an^^irir__^earing cou| 
\wi 



T 



will be understood that the outer shaft 4 



I97 It 
rs^referably 



supported on an air bearing fo/ slideable inovement on the 
center shaft 45 and the coupling 47 also /includes an air 
bearing which couples to the outer annuVar ring on the 
outer shaft 44. It will b4 understood/that the slider 39 
is programmed to move th/ outer shaft/ 44 which supports the 



Thus, it 
ade 14 can be moved to 



inner hub 48 which comprises a blad^ portion 14 
will be understood that the inner 

flush engagement wit/ the outer bVade 14 so as to cut a 
wide street or accuxately positicfo so as to cut two adja- 



cent streets on e^/her si,de-^f 



semiconductor device, 
is basically a modification 



The hub-type yblade 
of prior art sing4e-~piece hul>^type blades and comprises a 
f Lat_faj::^_hub_Ro rtion^ 9V^ a /ock nut portion 51. The adap- 
ter portion 52 permits the Aock nut 51 to be flush mounted 
in against the flat face hub portion 49 so that the hub- 
type blades can be positioned flush to each other. 

Refer now to ^gure 5B showing an enlarged draw- 
ing in side or front el/evation of the present invention co- 
axial dual spindle cutting saw showing two hub-type blades 
mounted on the coaxia^l spindles or shafts 44 and 45 with 
the rear or inboard /saw blade 14 moveable by a voice coil 
assembly 57. There^ is shown a spindle housing 35 which is 
moveable in the Y ydirection and supports the frame of the 
voice coil assembly 57 which supports therein the electri- 
cal actuating colls 58. The coils 58 drive the outer move- 
able shaft 44 which supports the permanent magnets 59 in 



RAZON-010 

- 11 - 




the flux field of the actuating coils 58. Shown schem^i- 
cally at 53 is a spine or keyed system which allows linear 
motion but not relative rotational motion to the center 
shaft 45. It will be understood that regardless ot the 
type of key or spine that is used, the outer move4ble shaft 
44 is preferably supported on an air bearing especially for 
high speed. However, the outer moveable shafy 44 could be 
supported on conventional bearings especiall/ for low speed 
or singulation. Further, there is provided^ a water seal 54 
and a water seal 55 to prevent cooling wa^er from entering 
the system. A pressurized air chamber 5^ may be provided 
to maintain an air flow at the seal 55/to guarantee that no 
water enters into the moving system, 

It is understood that the/voice coil assembly 57 
moves in the Y direction with spindle housing 35 and has a 
Y prime linear movement as a resylt of the voice coil as- 
sembly moving the outer shaft 44r relative to the outer 
blade. Thus, it can be seen tl?(at the blade portion 14 of 
the modified hub 48 is capabLfe of being moved into flush 
contact with each other. Futther, the locking nut 51A on 
the inner hub is recessed /n an annular recess 61 so that 
the flat -flange face 49 iA capable of moving into abutting 
relationship with other Aaw blade. The modified hub 48 is 
shown having a larger gbuter locking nut 51 and an adapter 
52. jln the pref er^e^^emb o^ of the present invent ion 

the voice-ee-ir±-^a^em(bly 57 may be accurately positioned 
wiiih— a-n-enEoaer 5o/or a lase^ inteFf gre^maier_de-vice_RH as 
is'lcnDwr-iTT'the^ art^ " 

Refer^^vT'^o^igure 6 showing a modification of 
the cutting sa/ shown in Figure 5A and having a front saw 
blade 48 that/ is moveable by an actuating arm 41 mounted on 
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a slider 39 on the rear of the spindle housing 12. The nu- 
merals for the work station and the gantry and Z sliders 
are the same as those shown in previous drawings and do not 
require additional explanation. There is shown mounted on 
the housing 12 a Y prime rail 46 on which is mounted a Y 
prime slider 39 which supports an actuating arm 41 which 
supports the air bearing coupling 47. In this embodiment 
the center shaft 45A is modified to extend completely 
through the spindle housing 35 and supports the outer saw 
blade assembly 48 which is moveable relative to the inner 
saw blade shown mounted on the outer fixed shaft 44A which 
is rotationally fixed to the shaft 45A. Further, there is 
shown spindle air bearings at both ends of the spindle 
housing 35 which supports the outer shaft 44A. Further 
there is shown a. spindle motor 63 which is coupled to drive 
the outer shaft 44A. As explained hereinbefore, the outer 
shaft 44A is coupled to the inner shaft 45A by either a 
spline or a key. 

Refer now to Figure 7 showing a voice coil assem- 
bly 57 mounted on the rear portion of the spindle housing 
35. In this embodiment the coils 58 cooperate with the 
permanent magnets 59 to move the permanent magnets 59 which 
in turn move the inner shaft 45A axially relative to the 
outer shaft 44A so that the outer hub 48 moves relative to 
the inner hub and inner blade 14. There is shown a key 66 
which is carried by the outer shaft which engages the inner 
shaft so as to rotate the shafts 44A and 45 together and 
still allow a linear or axial movement relative thereto. 
This is the fine or Y prime movement of the outer hub 48. 
Further, there is shown an encode scale 64 mounted on the 
inner shaft 45A whose position is determined by the sensor 
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65 mounted on the voice coil assembly housing 57. The nu- 
merals in Figure 7 that are the same as those shown in pre- 
vious drawings are similar in structure and mode of opera- 
tion and do not require an additional explanation. There 
is an advantage to having the voice coil assembly at the 
rear of the spindle housing 35 in that it is remote from 
the cutting blades where the source of cooling water may 
enter into the actuating system. 

Refer now to Figure 8 showing an exploding view 
of a preferred embodiment multi-piece hub 48 and a conven- 
tional hub which is modified to provide a feature to be ex- 
plained hereinafter. The hub 48 comprises a hub portion 
with a flat face 4 9 on which the blade portion 14 is depos- 
ited as known in the prior art. The hub portion also com- 
prises a recess 61 which in the leftmost hub permits the 
adapter 52 to fit flush or recessed into the hub. Flange A 
is preferably thinner than the recess shown at B. The 
leftmost locking nut 51A locks onto the center shaft 45A or 
45 as the case may be. The rightmost hub is shown having 
an inner diameter C which seats onto the outer shaft 44 or 
44A. Further, the locking nut 51A is shown being thinner 
at thickness A than the depth of the recess 61 shown at B. 
This permits the inner flat faces 49 of the hubs 48 to be 
positioned flush against each other so that the blade por- 
tions 14 may absolutely touch. While the purpose of the 
modified and improved hub is to enhance the ability of the 
present invention cutting saw to make cuts on adjacent 
street of small die, the same modified hubs may be used in 
prior art cutting saws of the type similar to that shown in 
Figures 1 and 2A. 
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Refer now to Figure 9 showing an elevation in 
section of a flange-type hub for clamping an annular ring- 
type saw blade between two flanges. In this einbodiment the 
outer lock nut 51 screws onto the adapter 52 and holds the 
outer flange 67 in contact with the inner flange 68 which 
supports the annular ring- type blade 69. Blades of the 
type shown in Figure 9 are often referred to as hubless and 
are so named because the annular blade 69 is not a part of 
a hub but is supported by a two-piece hub. 

Having explained a preferred embodiment an sev- 
eral modifications of the present invention novel cutting 
saw using coaxial spindle shafts it will be understood that 
further modification may be made by including a third spin- 
dle shaft which is a combination of the two spindles shown 
hereinbefore. The most important feature of the present 
invention is that it provides substantially 100 percent 
greater throughput and output over a single spindle and 
single blade cutting saw as known in the prior art. The 
two major dual and twin spindle cutting saws have been ex- 
plained with reference to Figures 1 and 2B and neither of 
these saws will provide an improved output over a single 
spindle greater than about 70 percent. 

Further, it will be appreciated that the present 
invention coaxial spindle cutting saw has only one gantry, 
one set of rails and one spindle housing so that it com- 
pletely eliminates the need for an extra Y-Z gantry system, 
extra spindle housing and drive motor. Stated differently, 
the present invention can be manufactured for slightly more 
than a single spindle saw and only has the footprint of a 
single spindle saw yet produces twice the output of a sin- 
gle spindle saw. 
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Further it will now b^x^preciated that the pre 
^ent invention coaxial spipdrie cutting saw housing and as 
embly may be retrofij^tr^ into saws of the type shown in 



ments . 




Igures 1 to 2B as well as in single spindle saw environ- 



